R etinal vein occlusion (RVO) is the second most common form of retinal vascular disease; obstructions can occur in the central retinal vein or one of its branches. 1 As vascular permeability increases, secondary intraretinal fluid and subretinal fluid commonly accumulate in the outer plexiform layer and subretinal space, respectively, and can lead to long-term disorganization of the ellipsoid zone. 2 These findings, along with other complications such as macular ischemia and neovascularization, threaten visual acuity (VA). Disorganization of retinal inner layers (DRIL) is the extent to which there is a failure in recognition of any of the demarcations between the ganglion cell-inner plexiform layer complex (evaluated as a single layer complex because the interface between the ganglion cell layer and the inner plexiform layer is not easily visible on retinal scans), inner nuclear layer, and outer plexiform layer. 3 Foveal DRIL is further defined as the inability to distinguish boundaries between any 2 of these inner retinal layers in more than 50% of the foveal 1-mm zone. Foveal DRIL can be present with or without other macular pathologic findings, such as cystoid macular edema. Disorganization of retinal inner layers has demonstrated a correlation with VA in patients who have current or resolved center-involving diabetic macular edema. [3] [4] [5] [6] Its utility as a biomarker of VA in these patients is greater than other markers, such as retinal thickness or glycemic status. 7 The proposed mechanism is that DRIL indicates specific anatomical damage of the visual data transmission structure in the retinal layers. 5 In addition, the presence of DRIL detects macular capillary nonperfusion in patients with severe nonproliferative and proliferative diabetic retinopathy. This evidence and the identification of DRIL in other ischemia-related pathologic conditions (ie, acute retinal necrosis 8 and closed globe trauma 9 ) suggest that DRIL is a sign of poor inner retinal circulation. 6 Disorganization of retinal inner layers has demonstrated importance as a biomarker in patients with diabetic retinopathy, macular edema, and, to a lesser extent, RVO. 7, 10 This study further explores the association of DRIL and VA before and during treatment with anti-vascular endothelial growth factor (AVF) agents in patients with macular edema secondary to RVO using a novel method of DRIL quantification for analysis. The purpose of this study was to determine the value of DRIL as a possible biomarker in patients with macular edema secondary to RVO, specifically, association of VA with DRIL presence at baseline and in response to treatment with AVF agents.
Methods
All data for this retrospective review were collected and analyzed at Cole Eye Institute, Cleveland, Ohio. Because of the retrospective nature of the study, written informed consent was not required. All data were deidentified. 
Data Collection
Medical files of all eligible patients were reviewed at baseline for demographic data. At baseline, 6 months, and 12 months, the best-corrected VA was recorded, as well as the SD-OCT signal quality, subretinal fluid, and number and type of AVF interventions. Macular cube readings, including central subfield thickness (CST), cube volume, and cube mean thickness, were also recorded at these time points.
Image Analysis and Study End Points
All patients were assessed using SD-OCT (Zeiss Cirrus HD-OCT, Fundus Finder) captured by certified ophthalmic photographers. Three B-scans were evaluated, including the scan that passed through the foveal center and a single scan above and below the center. For this study, only the central line scan that passed through the fovea was analyzed. It was divided into 3 concentric zones of 500 μm to represent the central 1 mm, the central 2 mm excluding the central 1 mm, and the area outside the central 2 mm (Figure) . Each region was evaluated for any presence of DRIL and was assigned a DRIL score of 0 to 3 based on DRIL presence (+1) or absence (0) at baseline, 6 months, and 12 months.
Key Points
Question Is disorganization of inner retinal layers a biomarker of visual acuity at baseline and treatment response in retinal vein occlusion?
Findings In this study of 147 eyes of 147 patients with retinal vein occlusion, the presence or absence of disorganization of inner retinal layers at baseline was a biomarker of visual acuity improvement; furthermore, increasing disorganization of inner retinal layers burden in patients with central retinal vein occlusion was associated with reduced visual acuity gains.
Meaning These results suggest that disorganization of inner retinal layers may be a useful biomarker for visual acuity prognostication at baseline and during treatment in patients with retinal vein occlusion.
Disorganization of retinal inner layers was positively identified if either of the interfaces between the ganglion cell layerinner plexiform layer complex and inner nuclear layer and/or the inner nuclear layer and outer plexiform layer could not be distinguished despite the presence of other macular pathologic findings (ie, cystoid macular edema). Assessment of the interfaces was enhanced using reverse grayscale and increased contrast present on the imaging software (Zeiss Cirrus HD-OCT Review Software, version 9.5.1.13585) (Figure) .
Each SD-OCT was graded by 2 masked independent graders (M.H., F.F.C.) and were then adjudicated and confirmed by a masked third experienced investigator (A.S.B.). All investigators were masked to all clinical information during their assessments.
Changes in DRIL scores were calculated from baseline to 6 months, from 6 months to 12 months, and from baseline to 12 months. In each period, patients were assigned to one of the following groups: (1) no DRIL throughout, (2) an increased pres- ence of DRIL, (3) a decreased presence of DRIL, or (4) stable DRIL scores. These measurements together were then compared with Early Treatment Diabetic Retinopathy Study (ETDRS) scores to establish the ability of DRIL to characterize VA changes at baseline and in the evolution of disease during treatment with AVF therapy.
Statistical Analysis
Categorical variables were described using numbers (percentages); continuous variables were summarized using means (SDs). Comparisons that involved categorical variables were assessed using Pearson χ 2 tests, Fisher exact tests, or KruskalWallis tests (for ordered categorical variables only). Pairwise comparisons were performed with significant class variables that had more than 2 groups. Comparisons that involved continuous variables were assessed using analysis of variance (ANOVA) tests. Multirater agreement was assessed using κ statistics based on the Fleiss method and compared against no agreement beyond chance using the McNemar test. Comparisons of baseline characteristics with changes in ETDRS scores at 6 months used ANOVA tests (categorical variables) or Pearson correlation (continuous variables). Multivariable models identifying change in ETDRS scores at 6 months were fit using a stepwise procedure. Factors with P < .20 were entered in the model and remained if significance was P > .05. Disorganization of retinal inner layers at baseline was then added to the best model to determine whether the factor remained significant after adjustment for other factors. All P values are 2-sided and unadjusted. Analyses were performed using SAS statistical software, version 9.4 (SAS Institute Inc).
Results
A total of 147 eyes of 147 patients (mean [SD] age, 68.9 [13.1] years; 75 [51.0%] female) were included in this study. Baseline demographics and characteristics are given in Table 1 . Mean (SD) baseline VA was 56.6 (17.8) ETDRS letters, and across all patients with RVO at 12 months, a mean VA change of +11.8 ETDRS letters was seen. All 147 eyes were treatment naive and had baseline, 6-month (±1 month), and 12-month (±2 months) follow-up with SD-OCT at each visit; assessments included DRIL identification, CST, cube volume, and cube mean thickness.
Interrater agreement for DRIL measures at baseline, 6 months, and 12 months for BRVO revealed moderate agreement between readers for all 3 regions of DRIL measures (κ range = 0.28-0.69) except for DRIL inside the central 2-mm region and outside the central 1-mm region at 12 months, which had only slight agreement (κ = 0.18). In the CRVO/HRVO group, findings were similar to the BRVO group in that there was moderate agreement among readers at baseline, 6 months, and 12 months for all 3 regions of DRIL measures (κ range = 0.27-0.76) except for DRIL inside the central 2-mm region and outside the central 1-mm region at 12 months, which also revealed only slight agreement (κ = 0.13).
The mean (SD) number of injections was 5.2 (2.7) in the BRVO group and 5.1 (2.9) in the CRVO/HRVO group. The number of injections given shows a significant decrease in treatment from months 6 to 12 compared with months 0 to 6 in both groups. In the BRVO group, the mean number of injections given in months 0 to 6 was 3.47 and decreased to 1.77 in months 6 to 12 (P < .001). This finding was again demonstrated in the CRVO/HRVO group, in which the mean number of injections given in months 0 to 6 was 3.28 and decreased to 1.80 in months 6 to 12 (P < .001).
Association of Baseline DRIL and VA In the BRVO group, the presence of any DRIL at baseline was correlated with lower baseline ETDRS scores (scores of 66.7 for no DRIL vs 54.6 for DRIL, P = .002), and patients in the BRVO group who experienced a 10-letter gain or more were more likely to have had DRIL at baseline compared with those who had less than a 10-letter gain (score change of 26 for DRIL at baseline vs 12 for no DRIL at baseline; P = .04).
In the CRVO/HRVO group, the presence of DRIL at baseline was not statistically significantly associated with lower baseline ETDRS scores (score of 58.6 for no DRIL vs 51.0 for DRIL, P = .09). However, absence of DRIL at baseline in this group was associated with greater VA gains at 6 months when adjusting for baseline VA (score change of 19.50 for no DRIL vs 12.72 for DRIL; P = .04).
Association of DRIL Score Changes and VA
During the 12-month period in all 147 patients with RVO, there was reduced DRIL in 51 (34.7%), increased DRIL in 34 (23.1%) despite treatment, no change in DRIL score from baseline in 20 (13.6%), and no DRIL identified in 42 (28.6%). At 6 months, all regions demonstrated a decrease in DRIL detection. The largest reductions in DRIL were in the region outside the central 2 mm, excluding the central 1 mm which demonstrated a decrease from 77 eyes at baseline to 41 eyes, followed by the region outside the central 2 mm, which decreased from 66 eyes to 41 eyes; the central 1 mm had a minimal change, with a reduction of 35 eyes to 26 eyes. At 12 months, all regions revealed a modest increase in DRIL detection was the greatest in the central 1-mm region (40 eyes), followed by the region inside the central 2 mm and outside the central 1 mm (46 eyes), and lastly in the region outside the central 2 mm (48 eyes).
In the BRVO group, the continued presence of DRIL was an indicator of fewer VA gains with treatment up to 6 months (score change of 6.2 for the DRIL increase group vs 18.6 for the DRIL decrease group vs 2.9 for the DRIL stable group; P = .02), but this finding did not persist through the 12-month period (score change of 9.8 for the DRIL increase group vs 17.0 for the DRIL decrease group vs 5.2 for the DRIL stable group; P = .15) and was not significant after adjusting for baseline VA at 6 months (score change of 7.45 for the DRIL increase group vs 15.06 for the DRIL decrease group vs 2.70 for the DRIL stable group; P = .08) or 12 months (score change of 11.23 for the DRIL increase group vs 13.04 for the DRIL decrease group vs 4.97 for the DRIL stable group; P = .40). Among those patients with DRIL at baseline who had no change in their DRIL score or who saw an increase in their DRIL score at 6 months, those in the BRVO group (57.3 letters) had a higher baseline VA than those in the CRVO/HRVO group (38.5 letters) (P = .01) and were more likely to reach a VA of 20/32 at month 6 than those in the CRVO/ HRVO group (1 eye in the HRVO/CRVO group vs 7 eyes in the BRVO group; P = .04). Likewise, patients with baseline DRIL and stable or increased DRIL scores at 12 months demonstrated that those in the BRVO group had higher VA at month 12 than those in the CRVO/HRVO group (letter score of 50.8 in the HRVO/CRVO vs 70.8 in the BRVO group; P = .001) and were more likely to obtain a VA of 20/32 at 12 months than those in the CRVO/HRVO group (3 eyes in the HRVO/CRVO group vs 10 eyes in the BRVO group; P = .01).
In the CRVO/HRVO group after adjusting for baseline ETDRS, pairwise comparisons show that increasing DRIL scores at 6 months led to less change in ETDRS scores at both 6 months (score change of −0.12 for the DRIL increase group vs 16.90 for the DRIL decrease group vs 8.45 for the DRIL stable group; P = .002) and 12 months (score change of −6.25 for the DRIL increase group vs 15.52 for the DRIL decrease group vs 2.96 for the DRIL stable group; P = .002) compared with those without DRIL at both time points and those in whom the DRIL score decreased. Furthermore, this association held statistical significance after adjusting for CST change at 6 months (P<.001) and 12 months (P<.001). This significance was again demonstrated for increasing DRIL scores at 12 months. After adjusting for baseline VA, patients with increasing DRIL scores at 12 months had significantly less change in ETDRS scores compared with those without DRIL at both time points and those with decreasing DRIL scores from baseline to 12 months (score change of −1.91 for the DRIL increase group vs 17.83 for the DRIL decrease group vs 6.97 for the DRIL stable group; P<.001). In addition, after adjusting for CST change at 12 months, the association remained statistically significant at 12 months (P<.001). Table 3 demonstrates the association between change in ETDRS score at 6 months and possible biomarkers for the BRVO and CRVO/HRVO cohorts. Table 4 presents the results from the multivariable models to determine change in ETDRS score at 6 months in the BRVO and CRVO/HRVO groups. There were not enough events to potentially include macular edema in these models.
Multivariable Models

Discussion
Multiple studies [3] [4] [5] [6] have now validated the utility of DRIL in current and resolved diabetic macular edema. Disorganization of inner retinal layers in eyes with macular edema secondary to RVO has been evaluated in a single recent study by Mimouni et al, 10 which demonstrated that DRIL extent after the first 3-monthly injections was a biomarker of VA improvement or decline. In this study, baseline presence of DRIL and changes in DRIL burden during treatment with AVF agents for macular edema secondary to RVO demonstrated potential utility as biomarkers of ETDRS score improvement. In patients with BRVO, significant differences were seen in baseline ETDRS scores when any DRIL was present. In the CRVO/HRVO group, those without DRIL had significantly greater increases in ETDRS scores at 6 months after adjusting for differences in baseline ETDRS scores. This difference was also apparent in the CRVO/HRVO group after adjusting for baseline VA and changes in CST when evaluating the association between DRIL score change at 6 and 12 months and ETDRS score changes at 6 and 12 months. The association of capillary macular nonperfusion and DRIL as well as foveal avascular zone enlargement in eyes with diabetic retinopathy has been established. 6 A positive association between foveal avascular zone area and DRIL was also recognized in a study by Balaratnasingam et al. 11 Previous studies 3, 5, 10 evaluating DRIL were limited to the central 1-mm region and central 1.5-mm 3 foveal region.
Given this positive association of DRIL and nonperfusion, we thought it reasonable to assess the entire 3-mm horizontal scan for DRIL. In addition, DRIL extent by length measurement can be cumbersome and is a less practical approach for clinical use. Instead, we evaluated each scan with a presence or absence approach based on 3 concentric regions surrounding the fovea. This study evaluates DRIL using SD-OCT and without manual length measurements. Using this approach, we were able to positively correlate baseline VA and presence or absence of DRIL at baseline, although the DRIL score (range, 1-3) itself was not correlated. However, changes in DRIL scores at 6 and 12 months identified future VA but only in the CRVO cohort. Furthermore, this association held true after adjusting for changes in CST at 6 and 12 months as well. It is possible that in this well-matched cohort of patients with BRVO and CRVO/HRVO that the greater proportion of retina affected in CRVO leads to more reliable longitudinal DRIL measurements and, hence, DRIL scores across the entirety of the scan.
In addition, in this study, a decrease in DRIL score was seen in all regions from baseline to 6 months, but the converse was true, to a lesser extent, from 6 to 12 months. This finding could represent undertreatment of disease in the 6-through 12-month period, allowing for progression and further nonperfusion because the mean number of injections decreased by half in months 6 to 12 compared with months 0 to 6 in both groups.
Limitations
Limitations include the retrospective nature of the study, the treat-as-needed regimen with AVF agents, and the lack of histopathologic studies on DRIL, which is an OCT-derived entity. In addition, interrater variability was only moderate in all regions at all time points except in the DRIL inside the 2-mm region and outside the 1-mm region at 12 months in the CRVO/HRVO and BRVO cohorts, which may be secondary to retinal architecture changes because of persistent ischemia in this specific group. This finding underscores the difficulty in DRIL detection and measurement in a clinical scenario, and despite only moderate agreement, the results still reveal positive correlations with VA outcomes. Future studies may further our understanding of DRIL as a biomarker in retinal vascular disease. Automation of DRIL measurement by OCT software may prove useful in future treatment paradigms as well as VA determination.
Conclusions
The baseline presence of DRIL and changes in DRIL burden during treatment with AVF agents for macular edema secondary to RVO may be useful biomarkers of ETDRS score improvement when adjusting for baseline ETDRS score and even after adjusting for CST changes. In this study, a stronger association was seen in the CRVO/HRVO group than in the BRVO group. These data combined with data from other studies [3] [4] [5] 10 in retinal vascular disease reveal DRIL as a potentially useful biomarker in VA outcomes. Future studies that further evaluate DRIL, as well as histopathologic studies, and perhaps automated DRIL identification and measurement may prove useful for future VA identification and treatment paradigms.
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